Abstract-The European Commission (EC) has spent hundreds of millions of euros on collaborative Technology Enhanced Learning (TEL) projects in recent years. Consequently the EC is interested in the impact generated by those projects. Spawning sustained collaboration ties can be interpreted as one aspect of project impact. In this paper we present a novel way of analyzing this latent impact of TEL projects by applying social network analysis on the projects' collaboration structures. Our analysis includes TEL projects funded under FP6, FP7 and eContentplus, and identifies central projects and strong, sustained organizational collaboration ties.
I. INTRODUCTION
For the twenty-six partly completed and partly running TEL projects in FP7 alone the European Commission has granted funding of more than one hundred million Euro. People and organizations with a stake in TEL research and development are likely to be interested in knowing where this enormous amount of money went and what impact it has generated. While project impact can be analyzed from many different angles (e.g. publication count, uptake of outputs by other projects, so forth), we focus in this paper on impact in the form of repeated or sustained collaboration of organizations in different projects. That is, we are performing social network analysis [1] on the project consortia by modeling projects as social networks of organizations. To achieve this we analyzed the project consortia of the TEL projects launched since 2004. The data set used for the analyses was scraped from publicly available project information pages on CORDIS [2] . The data scraping was focused on projects funded under TEL calls in FP6, FP7 and eContentplus (ECP). The data was fed from the web into a relational database. Table I includes an overview of the 77 TEL projects included in the data set.
II. PROJECT CONSORTIUM PROGRESSION
Project consortia are social structures. Each pair of organizations in a project consortium creates a social tie between the involved organizations, which can be represented as an edge in a graph where nodes represent organizations. Such a graph of all 77 TEL projects funded in FP6, FP7, and ECP is given in Figure 1 . It is a directed graph, which exposes the temporal progression of project consortia-i.e. each edge in this graph represents a temporal relationship between two connected projects: the edge points from the project which started earlier to the project which started later. The size of each node in the Figure is proportional to the betweenness centrality [1] of that node, and the weight of the edge was determined by the number of partners that overlap between two project consortia. The betweenness centrality measure is an effective means of exposing nodes that act as "bridges" between otherwise distant nodes (or groups of nodes) by computing for each node the share of all shortest paths through the network that lead through the node. KALEIDOSCOPE (NoE) is by far the largest node, which can be attributed to the fact that this project had an extremely large consortium of 83 partner organizations, which is more than five times the average consortium size. PROLEARN, the other NoE in FP6 also achieves a high centrality in the graph. It is also evident in this visualization that in addition to strong ties between FP6 and FP7 projects, the ECP projects have very strong connections to both FP6 and FP7. This can probably be explained by the fact that ECP filled a "funding gap" in 2007 when FP6 funding was stalling following the last FP6 projects launched in 2006, while FP7 funding was kicked off with the first TEL projects starting in 2008. In fact, in 2007 only ECP projects were launched in our data set. The most central ECP projects are OpenScout, Figure 1 . Visualization of social network of TEL projects using yEd [3] KeyToNature, ASPECT, mEducator and ICOPER. The most central projects in FP7 are the NoEs GALA and STELLAR as well as the IPs ROLE and GRAPPLE.
III. ORGANIZATIONAL COLLABORATION STRUCTURES
Project consortia can be regarded as an organizational collaboration pool, i.e. a social network. The nodes in this network represent organizations, and edges exist between organizations that have collaborated in at least one project. In total the 77 projects consortia in the data set involve 604 different organizations and 9,330 distinct collaboration pairs. Among those, 22 pairs of organizations have collaborated in at least 4 TEL projects. The top-5 pairs are Open Universiteit Nederland with University of Hannover (6 projects); The Open University with Katholieke Universiteit Leuven (6), Open Universiteit Nederland (5), and IMC AG (5); and Jyväskylän Yliopisto with The Open University (5) .
Assuming that partnership is more likely to be continued based on a previously or currently successful collaboration, we can conjecture that projects in which these strongly connected organizations were involved can be flagged as having impact on the TEL landscape, at least in terms of continuity in research collaborations. The most important of these projects, ordered by frequency of appearance of these top partnerships, are: PROLEARN (FP6; 16 pairs), ICOPER (ECP; 10), OpenScout (ECP; 9), GRAPPLE (FP7; 8), STELLAR, ROLE (FP7; 5), and PROLIX (FP6, 5). It is evident that the PROLEARN NoE that co-kicked off FP6 in 2004 succeeded in creating and sustaining strong partnerships, while the KALEIDOSCOPE NoE, which started at the same time, failed to achieve this despite having a much larger consortium and higher network centrality.
We also computed the PageRank [4] and clustering coefficients of organizations in this collaboration network. The analysis revealed that about 15% of the organizations in the network achieve a considerably higher PageRank at the same level of clustering in their neighborhood as the rest of the organizations. Clearly, it is favorable to belong to the set of organizations that achieve a higher PageRank at a given clustering value. Those projects in the data set where at least half of the consortium is made up by these organizations are KALEIDOSCOPE, RE.MATH, STELLAR, LEAD, GRAPPLE, ALICE, SCY, PROLEARN, and TEL-Map. This list includes three of the four TEL NoEs, which is evidence that participation in a NoE is beneficial to the centrality of an organization in the collaboration network.
IV. SUMMARY AND CONCLUSION Progression of project consortia indicates impact in the form of sustained collaboration among organizations. The analysis revealed that eContentplus acted as a broker between FP6 and FP7 project consortia. Particularly some Best Practice Networks like ASPECT or ICOPER, and Targeted Projects like OpenScout, have many strong consortium overlaps with both preceding FP6 projects and succeeding FP7 projects. Additionally we discovered that Integrated Projects (e.g. ROLE, GRAPPLE) and Networks of Excellence (e.g. PROLEARN, STELLAR, KALEIDOSCOPE) are prominent among the most central projects in FP6 and FP7. This cannot solely be ascribed to the typically larger consortia of these projects compared to e.g. STREPs, since IPs and NoEs were also shown to include many pairs of organizations that appear in list of most frequent collaborators. Also these projects have a significant share of their consortium made of organizations that have a highly favorable PageRank vs. clustering ratio. This indicates that IPs and NoEs are very important not only for shaping the research agenda, but also for creating strong and sustained collaboration ties for the future R&D agenda in European TEL.
